GROUP III NITRIDE COMPOUND SEMICONDUCTOR DEVICE 
AND METHOD FOR PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a group III nitride 
compound semiconductor device and a method for producing thereof . 
Particularly, it relates to improvement of a producing method 
n using an epitaxial lateral overgrowth method as a method for 

3 

g 10 growing a group III nitride compound semiconductor film, 

if} The present application is based on Japanese Patent 

cp Applications Nos . 2000-189391 and 2000-191780, which are 

Ui 
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incorporated herein by reference. 
2. Description of the Related Art 



15 A so-called epitaxial lateral overgrowth method is known 

as a method for growing a group III nitride compound 
semiconductor layer. For example, in the epitaxial lateral 
overgrowth method as introduced in Unexamined Japanese Patent 
Publication No. Hei . 10-312971, a mask layer of a growth 

20 suppressing material such as Si0 2 is patterned on an undercoat 
by a photolithography method and a wet etching method in advance , 
so that a group III nitride compound semiconductor layer is 
grown on a window of the mask, that is, on an exposed portion 
of the undercoat while a facet structure is formed. As a result, 

25 a group III nitride compound semiconductor layer little in 
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crystal defect is epitaxially grown by a metal organic chemical 
vapor deposition method. For example, a group III nitride 
compound semiconductor layer formed on a substrate through a 
low-temperature sedimentary layer is used as the undercoat. 
The low-temperature sedimentary layer is provided to relax 
distortion due to difference in thermal expansion coefficient 
and lattice constant between the substrate and the group III 
nitride compound semiconductor to thereby reduce crystal 
defects of the group III nitride compound semiconductor layer 
formed on the undercoat layer . 

According to the aforementioned method in which the 
formation of the low-temperature sedimentary layer, the 
formation of the group III nitride compound semiconductor layer 
as the undercoat layer and the formation of the group III nitride 
compound semiconductor layer by an epitaxial lateral overgrowth 
method are performed successively, the group III nitride 
compound semiconductor layer can be grown with good 
crystallinity surely . 

The temperature for growing tne group III nitride compound 
semiconductor layer by a genera/metal organic chemical vapor 
deposition method {hereinaf tel referred to as "MOCVD" method) 
is, however, 1000°C or higher:. On the other hand, the growth 
temperature of the low-temperature sedimentary layer is 
approximately in a range/ of from 400°C to 500°C. Hence, in 
a process of from the step of cleaning the substrate to the 



step of forming the undercoat layer (groufp III nitride compound 
semiconductor layer) , the temperature^ of the substrate changes 
into high temperature (1000°C: cleaning of the substrate) , low 
temperature (500°C: formation or the low- temperature 
sedimentary layer) and high temperature (1000°C: formation of 
the undercoat layer) . It is/necessary to repeat increase and 
decrease of the substrator temperature largely. It is, 
therefore, a matter of course that a long time is required for 
production. Moreover/ it is necessary to adjust the substrate 
temperature in each /tep. In addition, it is undesirable from 
the point of vievyof thermal efficiency. 

Therefore, it may be conceived that the sedimentary layer 
is formed at a high temperature. However, a bowing problem 
hereinafter described occurs if the group III nitride compound 
semiconductor layer (for example, an A1N layer the same as the 
low-temperature sedimentary layer) is directly grown on the 

substrate at a high temperature of about 1000°C. 

For example, in a light-emitting device having a 
configuration in which a group III nitride compound 
semiconductor layer having a device function is epitaxially 
grown on a surface of a sapphire substrate, distortion occurs 
between the sapphire substrate and the group III nitride compound 
semiconductor layer because the thermal expansion coefficient 
and lattice constant of the sapphire substrate are different 
from those of the group Illnitride compound semiconductor layer . 



The distortion causes a phenomenon that the laminate of the 
sapphire substrate and the group III nitride compound 
semiconductor layer is bowed. If the bowing is too large, there 
is a disadvantage in alignment control at the time of the 
production of the device as well as there is a risk that the 
crystallinity of semiconductor may deteriorate or the 
semiconductor layer may crack. 

The inventors of the present invention have made 
researches to solve the aforementioned bowing problem. As a 
result, the inventors have proposed an invention configured 
as follows: 

A group III nitride compound semiconductor device 
comprising: a group III nitride compound semiconductor layer, 
having a device function; and an undercoat layer having a surface 
on which the group III nitride compound semiconductor layer 
can be formed; wherein slopes are formed in the surface of the 
undercoat layer so that the ratio of the area occupied by the 
slopes to the surface of the undercoat layer is in a range of 
from 5 to 100 % on a plane of projection. 

Further, from another point of view, the undercoat layer 
is formed as a texture structure. The texture structure used 
herein means a structure in which the surface of the undercoat 
layer is shaped like teeth of a saw when any section thereof 
is viewed, that is, peaks and troughs are repeated through the 
slopes. The peak portions may contain peak portions shaped 



like independent polygonal pyramids (inclusive of cones) or 
peak portions connected like a mountain range. 

Further, the trapezoid shape in section used in the 
above-mentioned invention means a shape in which a flat region 
on the top of each of the peak portions has a large area. The 
pit shape used in the above-mentioned invention means a shape 
in which the flat region has a further larger area. 

In the above-mentioned invention, the texture structure 
shows the case where the ratio of the slope regions to a plane 
of projection is in a range of from 70 to 100 %; the trapezoid 
shape in section shows the case where the ratio is in a range 
of from 30 to 70 %; and the pit shape shows the case where the 
ratio is in a range of from 5 to 30 %. 

When the aforementioned undercoat layer is used, 
distortion between the group III nitride compound semiconductor 
layer and the substrate inclusive of the undercoat layer can 
be relaxed. It is conceived that stress applied on a hetero 
interface is diffused in parallel to the slopes because of the 
presence of the slopes in the hetero interface and, accordingly, 
the stress is relaxed. When distortion is relaxed in the 
aforementioned manner, the bowing problem is reduced. As a 
result, the group III nitride compound semiconductor layer can 
be prevented from cracking. Moreover, the crystallinity of 
the group III nitride compound semiconductor layer can be 
improved. In addition, the group III nitride compound layer 



can be aligned easily when the device is produced. 

The inventors of the present invention further made 
researches upon the undercoat layer having the aforementioned 
surface structure. As a result, the inventors have found the 
following problem. 

In the embodiment of the proposed invention, examination 
has been made upon the case where A1N was exclusively selected 
as the material of the undercoat layer . When an undercoat layer 
having a texture structure or the like was to be formed from 
A1N by an MOCVD method, it was* necessary to make the inside 
pressure of the reactor lower than that in the case where group 
III nitride compound semiconductor layers were grown. 
Specifically, the inside pressure of the reactor was preferably 
selected to be in a range of from 50 to 300 Pa, when the undercoat 
layer was formed, whereas the inside pressure of the reactor 
was of 1 atmosphere when the group III nitride compound 
semiconductor layer (generally, an n-type contact layer of 
n-type GaN) formed on the undercoat layer was grown. 

If there was a pressure variation in the film-forming 
process as described above, an interface before and after the 
pressure variation was apt to be roughened and it was necessary 
to control the condition severely to smoothen the interface. 
Moreover, the film- forming apparatus needed to have a mechanism 
to make the pressure variation possible. As a result, the size 
and cost of the film-forming apparatus became large and high. 



This caused increase of the production cost of the device. 



SUMMARY OF THE INVENTION 

The present invention is designed to solve the problem. 
An object of the present invention is to form a sectionally 
trapezoidal undercoat layer in the substantially same producing 
condition (pressure condition) as that for group III nitride 
compound semiconductor layers having a device function, and 
more specifically, it is to form an undercoat layer having a 
surface with convex portions each shaped like a truncated 
hexagonal pyramid . 

Another object of the present invention is to provide 
a group III nitride compound semiconductor device having a novel 
configuration, especially having an undercoat layer of a novel 
configuration . 

The present invention is designed to achieve at least 
one of the foregoing objects and the configuration thereof is 
as follows. 

A group III nitride compound semiconductor device 
comprises: a substrate; an undercoat layer formed on the 
substrate and having a surface with convex portions each shaped 
like a truncated hexagonal pyramid; and group III nitride 
compound semiconductor layers formed successively on the 
undercoat layer and having a device function. 

According to the group III nitride compound semiconductor 



device configured as described above, the surface is constituted 
by convex portions each shaped like a truncatedhexagonal pyramid, 
so that distortion between the group III nitride compound 
semiconductor layers and the substrate inclusive of the 
undercoat layer is relaxed. This is conceived to be due to 
the fact as follows . The stress applied to the hetero interface 
between the group III nitride compound semiconductor layers 
and the undercoat layer is distributed and relaxed because the 
stress is made parallel to inclined surfaces (that is, slopes 
of the truncated hexagonal pyramids) by the presence of the 
inclined surfaces. When distortion is relaxed in this manner, 
the problem of bowing is reduced. As a result, the group III 
nitride compound semiconductor layers can be prevented from . 
cracking. Moreover, crystallinity of the group III nitride 
compound semiconductor layers is improved. In addition, 
alignment can be made easily at the time- of the production of 
the device. 

Further, the inventors o/ the present invention have made 
'examination and examination/ eagerly in consideration of the 
af orementionedproblem, resulting ina conceptionof thepresent 
invention configured ajs follows 

% [ That is, a method f/r producing a group III nitride 
compound semiconductor dfevice, comprises the steps of: 

forming an underaraat layer on a substrate so that the 
undercoat layer has a surface of a texture structure; 
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forming a growth suppressing loaterial layer on the 
undercoat layer so that the under co^ layer is partially exposed; 
and 

growing group III nitride compound semiconductor layers 
5 on the undercoat layer and/on the growth suppressing material 
layer by performing an /pitaxial lateral overgrowth method. 

In the producing method configured as described above, 

a low-temperature sedimentary layer is not formed in the same 

Q manner as that in the background art, but an undercoat layer 

vO 

w 10 having a surface of a texture structure is formed and then a 
group III nitride compound semiconductor layer is grown on the 
J5j undercoat layer. Hence, the growth of the group III nitride 

m compound semiconductor layer as the next step can be performed 

Jy without reduction of the substrate temperature required in the 

H 15 background art for growing the low-temperature sedimentary 
layer after cleaning of the substrate. In other words, in a 
process of from the step of cleaning the substrate to the step 
of growing a set of group III nitride compound semiconductor 
layers having a device function, the number of times for 
20 increasing and decreasing the substrate temperature can be 
reduced to thereby attain reduction of the production time. 
Moreover, the labor required for adjusting the temperature can 
be reduced. 

Features and advantages of the invention will be evident 
25 from the following detailed description of the preferred 
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embodiments described in conjunction with the attached 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings : 

Fig. 1 shows a sectional view showing an undercoat layer 
having a texture structure; 

Fig. 2 shows an SEM photograph showing an undercoat layer 
having a texture structure; 

Fig. 3 shows an SEM photograph showing an undercoat layer 
having a trapezoid shape in section; 

Fig. 4 shows an SEM photograph showing an undercoat layer 
having a pit shape; 

Fig. 5 shows a sectional view of a light-emitting diode 
according to a first embodiment of the present invention; 

Figs. 6A to 6E show a process of producing the 
light-emitting diode according to the first embodiment; 

Fig. 7 shows a sectional view of a light-emitting diode 
according to a second embodiment of the present invention; 

Fig. 8 shows a partly enlarged view showing the undercoat 
layer having convex portions each shaped like a truncated 
hexagonal pyramid; and 

Fig. 9 shows a sectional view of a light-emitting diode 
according to a third embodiment of the present invention. 



10 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The detailed description of the present invention will 
be described hereinafter. 

The material of the substrate is not particularly limited 
so long as an undercoat layer can be formed on the substrate. 
Examples of the substrate material used in the case where the 
undercoat layer made of the group III nitride compound 
semiconductor is used may include: hep (hexagonal closed 
packing) structure materials such as sapphire, SiC (silicon 
carbide), GaN (gallium nitride), etc.; and cubic-system 
materials such as Si (silicon), GaP (gallium phosphide) , GaAs 
(gallium arsenide), etc. Further, examples such as spinel, 
zinc oxide, magnesium oxide, manganese oxide, group III nitride 
compound semiconductor single crystal, etc. may be used. 

The undercoat layer having a surf ace of a texture structure 
is formed on the substrate. The texture structure used herein 
means a structure in which the surface of the undercoat layer 
is shaped like teeth of a saw when any section thereof is viewed, 
that is , peaks and troughs are repeated through inclined surfaces 
The peak portions may contain peak portions shaped like 
independent polygonal pyramids (inclusive of cones) and peak 
portions connected like a mountain range. The sectionally 
trapezoid shape used in this specification means a shape in 
which a flat region on the top of each of the peaks has a large 
area. The pit shape used in this specification means a shape 



in which the flat regionhas a further larger area . Specifically, 
the case where the percentage occupied by the slope regions 
on a plane of projection is in a range of from 70 to 100 % is 
called texture structure. The case where the percentage is 
in a range of from 30 to 70 % is called sectionally trapezoid 
shape. The case where the percentage is in a range of from 
5 to 30 % is called pit shape. 

The undercoat layer is not particularly limited so long 
as a group III nitride compound semiconductor can be grown on 
the undercoat layer. The undercoat layer is preferably made 
of a group III nitride compound semiconductor . It is especially 
preferable to employ an undercoat layer of A1N. 

When an undercoat layer made of a group III nitride 
compound semiconductor is used, the group III nitride compound 
semiconductor includes a quarternary compound semiconductor 
represented by AlvGaylni-x-vN (0<X<1, 0<Y<1, 0<X+Y<1), a ternary 
compound semiconductor represented by Al x Gai-vN (0<X<1) and a 
binary compound semiconductor such as A1N, GaN and InN. When 
a sapphire substrate is used, A1N is especially preferably used 
as the group III nitride compound semiconductor formed on the 
sapphire substrate . 

Slopes are formed in a surface of the undercoat layer. 
On this occasion, the original structure for forming the slopes 
may contain a set of polygonal pyramids such as triangular 
pyramids, rectangular pyramids, etc. or may contain a mountain 



range structure with peak portions and trough portions connected 
to one another by belt-like inclined faces. The slopes are 
formed over the whole surface of the undercoat layer. Each 
of the slopes is so small that its width on a plane of projection 
is smaller than 2 urn. The percentage of the area occupied by 
the slopes (which are concave portions from another point of 
view) on the plane of projection is selected to be preferably 
in a range of from 5 to 100 %, especially preferably in a range 
of from 30 to 100 %, more especially, preferably in a range of 
from 70 to 100 %. 

When the percentage of the area occupied by the slopes 
on the plane of projection is in a range of from 70 to 100 %, 
the surface of the undercoat layer exhibits a texture structure 
with a sectional shape of peaks as shown in Figs. 1 and 2. When 
the percentage is 100 %, the surface is formed as a structure 
in which peaks and troughs are repeated like teeth of a saw. 

When the percentage of the area occupied by the slopes 
on the plane of projection is in a range of from 30 to 70 %, 
the surface of the undercoat layer exhibits a sectionally 
trapezoid shape in which island portions coexist with peak 
portions as shown in Fig. 3. 

When the percentage of the area occupied by the slopes 
on the plane of projection is in a range of from 5 to 30 %, 
the surface of the undercoat layer exhibits a pit shape in which 
holes are formed in a flat surface as shown in Fig. 4. 



The plane of projection used herein means a plane of 
projection obtained by parallel projection of the surface of 
the undercoat layer onto a plane parallel to the surface of 
the undercoat layer. 

The method for producing the undercoat layer with such 
a rough surface is not particularly limited. In an embodiment 
which will be described later, the undercoat layer can be formed 
by execution of an MOCVD method while pouring a greater amount 
of ammonia, compared with the usual growth condition, at a high 
temperature (of about 1150°C) which is substantially equal to 
that for the growth of device-function-including group III 
nitride compound semiconductor layers to be formed on the 
undercoat layer. 

The surface of the undercoat layer may be formed as a 
texture structure, a sectionally trapezoid shape or a pit shape 
by means of growing an undercoat layer with a flat surface and 
then treating the flat surface by a method such as etching. 
On the other hand, an undercoat layer having convex portions 
each shaped like a truncated hexagonal pyramid which is one 
form of the sectionally trapezoid shape is formed as follows. 
That is, when GaN is used as the material of the undercoat layer 
and doped with magnesium (Mg) densely, an undercoat layer having 
convex portions each shaped like a truncated hexagonal pyramid 
is formed by an MOCVD method. The doping quantity of Mg is 
preferably selected to be not smaller than 10 20 /cm 3 . If the 



doping quantity of Mg is smaller than 10 20 /cm 3 , it is impossible 
to generate any convex portion shaped like a truncated hexagonal 
pyramid or it is necessary to control the condition severely 
even if such convex portions can be generated when GaN is grown . 
The doping quantity of Mg is especially preferably 3*10 20 /cm 3 , 
more especially preferably 5*10 20 /cm 3 , still more especially 
preferably 10 21 /cm 3 , most especially preferably 5><10 21 /cm 3 . 
These convex portions can be also formed by a method such as 
etching . 

An organometallic compound represented by the general 
formula CP 2 Mg (CP representing RC 5 H 4 in which R represents 
hydrogen or a lower alkyl group containing 1 to 4 carbon atoms) 
is preferably used as the raw material of the Mg dopant because 
the organometallic compound has a suitable vapor pressure. 
Examples of the organometallic compound may include 
bis-cyclopentadienyl magnesium, bis -methyl eye lopentadienyl 
magnesium, bis-ethylcyclopentadienyl magnesium, 
bis-n-propylcyclopentadienyl magnesium, 
bis-i-propylcyclopentadienyl magnesium, etc. 

The group III element (Ga) in GaN which is the material 
of the undercoat layer may be partially replaced by aluminum 
(Al) , indium (In), boron (B) , thallium (Tl), etc., and the 
nitrogen (N) in the GaN may be partially replaced by phosphorus 
(P) , arsenic (As), antimony (Sb) , bismuth (Bi), etc. so long 
as the replacement does not disturb the formation of 



truncated-hexagonal-pyramid-shaped convex portions . 

When the n-type dopant having a higher density than the 
hole density constituted by Mg is added, the undercoat layer 
can be provided as an n type. When an electrically conductive 
5 substrate such as a silicon (111) substrate is used, it is 
preferable that the undercoat layer is made to have electrical 
conductivity . 

Although the growth temperature of the undercoat layer 
is not particularly limited, it is preferable from the point 
10 of view of easy control of the producing condition that the 
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z} growth temperature of the undercoat layer is selected to be 

o 

2t substantially equal to that of the group III nitride compound 

Us 

semiconductor layers. 

When group III nitride compound semiconductor layers are 
15 grown on the undercoat layer having 

truncated-hexagonal-pyramid-shaped convex portions, a flat 
surface is obtained as the surface of the group III nitride 
compound semiconductor layers if the group III nitride compound 
semiconductor layers (preferably, the first one of the layers 
20 on the undercoat layer) have a thickness in a range of from 
1 to 2 ym because the epitaxial lateral overgrowth rate of the 
group III nitride compound semiconductor layers is secured 
sufficiently (see Unexamined Japanese Patent Publication No. 
Hei. 10-312971) . 

25 The inventors of the present invention have already made 
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examination of the effect in the case where A1N of a surface 
texture structure is formed as an undercoat layer on a sapphire 
substrate . In the examination, there has been obtained a result 
that the degree of substrate bowing in a laminate obtained by 
growing A1N of a surface texture structure 1.5 |im thick on a 
sapphire substrate at a high temperature (1130°C) is 
approximately equal to that in the background art (in which 
an A1N layer is grown on a sapphire substrate at a low temperature 
of 400°C) . There has been further obtained knowledge that 
variation in the substrate bowing is also reduced. 

It has been further confirmed that group III nitride 
compound semiconductor layers with crystallinity sufficient 
to have a device function can be grown on the A1N layer having 
such a surface texture structure. 

A sedimentary layer is preferably formed between the 
substrate and the undercoat layer. 

When the undercoat layer is made of a group III nitride 
compound semiconductor, it is preferable that the sedimentary 
layer is made of a group III nitride compound semiconductor 
similarly or a metal nitride compound semiconductor. Among 
the group III nitride compound semiconductors, Al x Gai- x N (0 < 
x < 1 ) is preferably used as the sedimentary layer . Especially, 
A1N is preferably used as the sedimentary layer. Among the 
metal nitride compound semiconductors, at least one member 
selected from the group consisting of titanium nitride, hafnium 
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nitride, zirconium nitride and tantalum nitride may be 
preferably used as the sedimentary layer . Especially, titanium 
nitride is preferably used as the sedimentary layer. In this 
case, the substrate is preferably made of sapphire . Especially, 
the sedimentary layer is preferably formed on a surface a of 
the sapphire substrate. 

A known method for forming a group III nitride compound 
semiconductor or a metal nitride compound semiconductor, such 
as an MOCVD method, a sputtering method, or the like, may be 
used as the method for forming the aforementioned sedimentary 
layer. 

The thickness of the sedimentary layer is not particularly 
limited but is preferably selected to be in a range of from 
the order of nm to the order of hundreds of nm (from the order 

of tens of A to the order of thousands of A) . 

According to the inventors' research, the slopes in the 
surface of the undercoat layer can be controlled easily when 
the sedimentary layer is interposed between the substrate and 
the undercoat layer (distortion relaxation layer) . That is, 
the condition for forming a surface with a desired structure 
(such as a texture structure, a sectionally trapezoid shape 
or a pit structure, truncated-hexagonal-pyramid-shape) can be 
widened so that the surface with the desired structure can be 
formed easily. Hence, a device having such an undercoat layer 
can be produced with good yield. 
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Two or more layers may be provided as the sedimentary 

layer. 

An intermediate layer made of a group III nitride compound 
semiconductor, preferably made of A1N or GaN, is formed on a 
5 first sedimentary layer formed on the substrate. A second 
sedimentary layer is formed on the intermediate layer. (This 
operation may be repeated.) An undercoat layer is formed on 
the second sedimentary layer. 
O The first sedimentary layer and the second sedimentary 

sst. 

^ 10 layer may be formed as the same composition or as different 
^ compositions . 

j The thickness of the intermediate layer is not 

L| particularly limited . 

JSSSS. 

y b 

ni With respect to an example in which a plurality of 

3 8 

q 15 sedimentary layers are formed, see Unexamined Japanese Patent 
Publications, Nos . Hei. 7-267796 and 9-199759. 

A growth suppressing material layer may be formed on the 
undercoat layer optionally so that the undercoat layer is 
partially exposed to the outside. That is, the growth 

20 suppressing material layer is formed to cover a part of the 
surface of the undercoat layer. The growth suppressing 
material layer is preferably formed on trough regions (concave 
regions) each formed by adjacent slopes of the undercoat layer 
surface. In this case, peak regions (convex regions) of the 

25 undercoat layer surface are exposed. 
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The growth suppressing material used herein means a 
material on which a group III nitride compound semiconductor 
can be hardly epitaxially grown compared with the same grown 
on the substrate or on a buffer layer . As the growth suppressing 
material, there can be used at least one member selected from 
the group consisting of metals such as Fe, Co, Ni, Cr, Mo, W, 
Ag and Rh, oxides metals such as oxides of Fe, Co, Ni, Cr, Mo, 
W, Ag and Rh, oxides such as SiO x , and nitrides such as SiN x . 
In Unexamined Japanese Patent Publication No. Hei . 10-312971, 
Si0 2 and SiN x have been described as examples of the growth 
suppressing material. The Extended Abstracts of the 60th 
Autumn Meeting of the Japan Society of Applied Physics (1999.9) 
2P-W-5 has described that tungsten (W) can be used as a growth 
suppressing material. When such a metal material is used as 
a growth suppressing material on a substrate of a light-emitting 
diode, the metal material serves as a reflection layer so that 
light emitted from a light-emitting layer can be used 
effectively . 

The growth suppressing material layer formed to make the 
undercoat layer partially exposed to the outside can be formed 
by the following method, for example, using a liquid resist 
material (such as liquid Si0 2 ) - 

First, a liquid resist material is used as the growth 
suppressing material so that a growth suppressing material layer 
is formed over the whole surface of the rough undercoat layer 



bymeans of application, or the like . The liquid resist material 
forms a thick layer on the surface corresponding to trough 
regions (concave regions) of the undercoat layer and forms a 
thin layer (growth suppressing material layer) on the surface 
"corresponding to peak regions (convex regions) of the undercoat 
layer due to the surface tension of the resist material. The 
liquid growth suppressing material layer is solidified and then 
etched from its surface. By this etching step, the growth 
suppressing material layer is removed uniformly from its surface, 
so that peak regions of the undercoat layer are first exposed. 
When the etching step is finished in this state, the growth 
suppressing material layer can be left only in trough regions 
of the undercoat layer. Thus, the growth suppressing material 
layer can be formed only in the trough regions of the undercoat 
layer. 

Alternatively, the liquid resist material applied onto 
the regions other than the trough regions may be removed by 
centrifugal force due to rotation of a wafer after even 
application of the liquid resist material onto the undercoat 
layer. Alternatively, the resist layer may be selectively 
formed in the trough regions of the undercoat layer by control 
of the amount of the resist material to be applied onto the 
undercoat layer surface per unit area. 

After the growth suppressing material layer is formed 
on a part of the undercoat layer surface in the aforementioned 



manner, group III nitride compound semiconductor layers are 
grown . 

The group III nitride compound semiconductors herein used 
are represented by the general formula AlxGa Y Ini_x- Y N (0<X<1, 
0<Y<1, 0<X+Y<1), which includes so-calledbinary compounds such 
as A1N, GaN and InN, and so-called ternary compounds such as 
AlxGai-xN, AlxIni-vN and Ga x Ini- x N (0<X<1) . The group III element 
may be partially replaced by boron (B) , thallium (Tl), etc. 
The nitrogen (N) may be partially replaced by phosphorus (P) , 
arsenic (As), antimony (Sb) , bismuth (Bi) , etc. 

Each of the group III nitride compound semiconductor 
layers may contain any optional dopant. Si, Ge, Se, Te, C, 
etc. may be used as n-type impurities. Mg, Zn, Be, Ca, Sr, 
Ba, etc . may be used as p-type impurities . Incidentally, after 
doped with p-type impurities, the group III nitride compound 
semiconductor may be heated by electron beam irradiation, by 
plasma irradiation or by a furnace in order to reduce the 
resistance of the group III nitride compound semiconductor more 
greatly . 

The method for forming the group III nitride compound 
semiconductor layer is not particularly limited. The group 
III nitride compound semiconductor layer may be formed by a 
metal organic chemical vapor deposition method (MOCVD method) 
or may be formed by a known method such as a molecular beam 
epitaxial growth method (MBE method) , a halide vapor phase 
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epitaxial growth method (HVPE method) , a sputtering method, 
an ion-plating method, etc. 

When the group III nitride compound semiconductor layer 
is epitaxially grown by execution of the aforementioned method 
after the growth suppressing material layer is formed on a part 
of the undercoat layer surface, the group III nitride compound 
semiconductor layer is not grown, or is slowly grown even if 
it is grown, on the growth suppressing material layer in an 
initial stage but rapid crystal growth occurs on the exposed 



w 10 portions ( growth regions ) of the undercoat layer . Thus, a facet 
S3 

zl structure is formed. When epitaxial growth is further 

S 5 
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performed, growth advances in a direction perpendicular to the 
surface of the facet structure so that the growth suppressing 
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material layer is covered with the group III nitride compound 



p 15 semiconductor. The group III nitride compound semiconductor 

La. 

comes into contact with the group III nitride compound 
semiconductor grown on adj acent growth regions . When epitaxial 
growth is further performed, the facet structure is buried so 
that the group III nitride compound semiconductor layer with 

20 a flat surface is obtained finally. 

When such an epitaxial lateral overgrowth method is 
executed, displacement caused by lattice defects of the group 
III nitride compound semiconductor generated in the interface 
between the substrate and the group III nitride compound 

25 semiconductor is bent laterally because of the facet structure. 
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As a result, the lattice defects of the group III nitride compound 
semiconductor layer surface can be reduced greatly. 

In this manner, according to the present invention, the 
ef feet producedby the epitaxial lateral overgrowth (ELO) method 
5 can be obtained. 

Incidentally, a reflection layer may be formed between 
the a group III nitride compound semiconductor layer and the 
undercoat layer. As the material for forming the reflection 
Q layer, at least one member may be selected from the group 

08 10 consisting of titanium nitride, hafnium nitride, zirconium 

m 

j£j nitride and tantalum nitride. Especially, titanium nitride 

ZT is preferably used. The method for growing the metal nitride 

L. is not particularly limited but examples of the available method 

01 

«j include: CVD (Chemical Vapor Deposition) such as plasma CVD, 

Q 15 thermal CVD, optical CVD, or the like; PVD (Physical Vapor 
Deposition) such as sputtering, reactive sputtering, laser 
ablation, ion plating, evaporation, ECR plasma, or the like; 
and so on. 

The thickness of the reflection layer is preferably 

20 selected to beina range of from 0.1 to 5.0 jt/ia. If the thickness 
of the reflection layer is larger than the upper limit, there 
is a risk that the roughness of the surface of the undercoat 
layer is lost so that the surface of the reflection layer is 
flattened. As a result, it becomes impossible to expect 

25 relaxation of stress on the hetero interface between the 
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10 on the undercoat layer having convex portions each shaped like 

(3 

a truncated hexagonal pyramid so that the group III nitride 

P • 

j: compound semiconductor layer is directly used as a device 
y s 

^ function layer. Incidentally, the group III nitride compound 
m 

H ; semiconductor layer may be formed as an intermediate layer so 

L-5. 

P 15 that a second undercoat layer with the convex portion similarly 
for relaxation of distortion is formed on the surface of the 
intermediate layer (this operation may be further repeated) . 
As a result, distortion of the group III nitride compound 
semiconductor layer with the device function can be relaxed 

20 more greatly, so that the crystallinity of the group III nitride 
compound semiconductor layer is improved more greatly. 

The intermediate layer may have a surface having convex 
portions reflecting the surface structure of the undercoat layer 
or may have a flat surface. 

25 Embodiments of the present invention will be described 



reflection surface and the group III nitride compound 
semiconductor layer . If the thickness is smaller than the lower 
limit, reflection of light becomes insufficient. Especially, 
the thickness of the reflection layer is preferably selected 

to be in a range of from 0.1 to 1.0 jum. More especially, the 
thickness of the reflection layer is preferably selected to 

be in a range of from 0.2 to 0.5 /im. 

The above case has been described upon the assumption 
that a group III nitride compound semiconductor layer is grown 
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below. 

Fig. 5 shows the structure of the light-emitting diode 
10 according to a first embodiment. 



Layer 



Composition : Dopant 



Light- transmissible 
electrode layer 17 
p-type layer 16 



p-GaN: Mg 



Layer 1 5 including 

a light emitting layer 

n-type layer 14 



including InGaN layer 
n-GaN: Si 



Growth suppressing 
material layer 13 
Undercoat layer 12 



A1N 



SiQ 2 



Substrate 11 



sapphire (surface a) 



The n-type layer 14 may be of a double-layered structure 
with an n" layer of low electron density on the layer 15 side 
and an n* layer of high electron density on the undercoat layer 
12 side. The latter is called n-type contact layer. 

The layer 15 is not limited to the multiple quantum well 
structure. A single hetero type structure, a double hetero 
type structure, a homo- j unction type structure, or the like, 
may be used as the configuration of the light-emitting device. 

A group III nitride compound semiconductor layer doped 
with an acceptor such as magnesium and having a wide band gap 
may be interposed between the layer 15 and the p-type layer 
16. This is a technique for preventing electrons imported into 



the layer 15 from diffusing into the p-type layer 16. 

The p-type layer 16 may be of a double-layered structure 
with a p~ layer of low hole density on the layer 15 side and 
a p + layer of high hole density on the electrode side . The latter 
is called p-type contact layer. 

The quantum well layer may be made of InGaAIN, inclusive 
of InN, GaN, InGaN and InAIN . The barrier layer may made of 
InGaAIN, inclusive of GaN, InGaN, InAIN, and AlGaN, with an 
energy gap larger than that of the quantum well layer. 

The light- emitting diode 10 configured as described above 
is produced as follows. 

First, while a hydrogen gas is circulated in a reactor 
of an MOCVD apparatus, the sapphire substrate 11 is heated to 

1150°C to thereby clean the surface of the sapphire substrate 

11 . 

Then, while TMA and NH 3 are introduced, an undercoat layer 

12 of A1N is grown on the substrate 11 at the substrate temperature 
by an MOCVD method. On this occasion, when the undercoat layer 
12 of A1N is grown as a film with a predetermined thickness 
while TMA and NH 3 are introduced in the condition that TMA: 30 
Atmol/min and NH 3 : 3 SLM, the surface of the A1N undercoat layer 
12 exhibits a texture structure as shown in Figs. 1 and 2. 

Similarly, when the flow rate of NH 3 is selected to be 
in a range of from 1/2 to 1/3 on the aforementioned condition, 
the surface of the undercoat layer 12 is made to be a trapezoid 
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shape in section as shown in Fig. 3. 

Similarly, when the flow rate of NH 3 is selected to be 
in a range of from 1/4 to 1/9 on the aforementioned condition, 
the surface of the undercoat layer 12 is made to be a pit shape 
5 as shown in Fig. 4. 

In comparison between the growth rate of A1N in the c-axis 
direction (direction perpendicular to the substrate) and the 
growth rate of AlN in the direction perpendicular to the c-axis 
direction (directionparallel to the substrate ) on the condition 
03 10 for forming a flat AlN film on sapphire, particularly in the 
initial stage of the formation of the AlN film, the latter growth 

3 H 

jr rate is sufficiently larger than the former growth rate . Hence, 

u = 

after grown two-dimensionally in the direction parallel to the 
substrate, AlN is grown three-dimensionally in the direction 
q 15 perpendicular to the substrate. That is, a sufficient time 
is required for forming a uniform growth site owing to migration 
of Al atoms and N atoms on the growth surface. 

When the quantity of N is increased against the condition, 
particularly Al atoms are bonded to atoms on the growth surface 
20 before suitable migration so that the growth rate in the 

direction perpendicular to the substrate is made high. As a 
result, the growth in the direction parallel to the substrate 
becomes uneven so that a texture structure can be produced. 
It may be said that an intermediate process for forming the 
25 texture structure is a trapezoid shape in section or a pit shape . 
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Incidentally, if the quantity of N is increased more 
greatly, grain growth is obtained so that A1N is not 
monocrystallized. 

At a point of time when the undercoat layer 12 of the 
surface texture structure is formed on the sapphire substrate 
11, the substrate 11 with the undercoat layer 12 is once taken 
out from the MOCVD apparatus and the growth suppressing material 
layer 13 is formed as follows (see Figs. 6A to 6E) . 

First, after silicone oil is applied onto the surface 
of the undercoat layer 12 evenly, the silicone oil is heated 
in an oxygen atmosphere to produce an Si0 2 film (Fig. 6A) . Then, 
etching is performed with hydrofluoric acid (Fig. 6B) . 

After the growth suppressing material layer 13 of Si0 2 
is formed in the trough regions of the surface of the undercoat 
layer 12 in the aforementioned manner, the laminate of the 
substrate 11/ the undercoat layer 12/ the growth suppressing 
material layer 13 is returned to the MOCVD apparatus to grow 
group III nitride compound semiconductor layers. 

First, the substrate temperature is raised to 1130°C and 
an n-type layer 14 is formed according to an ordinary method 
(MOCVD method) . That is, an ammonia gas and gases of group 
III element alkyl compounds such as trimethylgallium (TMG) , 
trimethylaluminum (TMA) and trimethylindium (TMI) are supplied 
to perform a heat decomposition reaction to thereby epitaxially 
grow n-type GaN. When n-type GaN is epitaxially grown in this 



manner, the n-type GaN layer (n-type layer 14) is not grown, 
or slowly grown even if it is grown, on the growth suppressing 
material layer 13 in an initial stage but rapid crystal growth 
occurs on the exposed portions (growth regions) of the undercoat 
layer 12. Thus, a facet structure is formed (Fig. 6C) . When 
epitaxial growth is further performed, the growth advances in 
a direction perpendicular to the surface of the facet structure . 
Hence, the growth suppressing material layer is covered with 
the n-type GaN, so that the n-type GaN comes into contact with 
the n-type GaN grown on adj acent growth regions (Fig. 6D) . When 
the epitaxial growth is further performed, the facet structure 
is buried so that the n-type layer 14 with a flat surface is 
obtained finally (Fig. 6E) . 

Then, the layer 15 and the p-type layer 16 are formed 
according to an ordinary method (MOCVD method) . 

Then, while Ti/Ni is used as a mask, the p-type layer 
16, the layer 15 and the n-type layer 14 are partially removed 
by reactive ion etching to thereby expose a portion of the n-type 
layer 14 on which an n-type electrode pad 19 is to be formed. 

A photo resist is applied on the semiconductor surface 
uniformly. The photo resist in the electrode-forming portion 
on the p-type layer 1 6 is removed by photolithography to thereby 
expose the p-type layer 16 in this portion. An Au-Co 
light-transmissible electrode layer 17 is formed on the exposed 
p-type layer 16. 
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Then, a p-type electrode pad 18 and an n-type electrode 
pad 19 are formed by vapor deposition in the same manner as 
described above . 

Next, a second embodiment of the present invention will 
be described below. 

The embodiment shows a light-emitting diode 20. Fig. 
7 shows the configuration of the light-emitting diode 20. In 
Fig. 7, parts the same as those in Fig. 5 are referenced 
correspondingly for the purpose of omission of duplicated 
description . 

The specification of each layer is as follows. 



Layer 

Light- transmissible 
electrode layer 17 
p-type layer 16 
Layer 15 including 
a light emitting layer 
n-type layer 14 
Undercoat layer 12 
Substrate 11 



Composition : Dopant 



p-GaN: Mg 



n-GaN: Si 
GaN: Mg 

sapphire (surface a) 



The light-emitting diode configured as described above 
is produced as follows. 

First, while a hydrogen gas is circulated in a reactor 

of anMOCVD apparatus, the sapphire substrate is heated to 1130°C 
to thereby clean the surface of the sapphire substrate. 

Then, while TMG, NH 3 and CP 2 Mg are introduced at the 



substrate temperature, an undercoat layer 12 of GaN doped with 
Mg is grown by an MOCVD method. On this occasion, when the 
undercoat layer 12 of GaN is grown into a predetermined film 
thickness while TMG, NH 3 and CP2Mg are imported under the 
condition TMG: 47 pmol/min, NH 3 : 10 SLM, CP 2 Mg > 3vimol/min, the 
inside pressure of the reactor: atmospheric pressure, the 
surface of the GaN undercoat layer 12 has convex portions each 
shaped like a truncated hexagonal pyramid (see Fig. 8) . 

The reason why truncated-hexagonal-pyramid-shaped 
convex portions are formed is conceived to be due to the formation 
of Mg cores of growth from which GaN crystal is grown in the 
form of a hexagon with each Mg core as a starting point because 
a large amount of Mg is imported. 

Then, while the substrate temperature and the inside 
pressure of the reactor are kept, an n-type layer 14 is formed 
and group III nitride compound semiconductor layers 15 and 16 
are formed on the n-type layer 14 according to an ordinary method 
(MOCVD method) . In this growth method, an ammonia gas and gases 
of group III element alkyl compounds such as trimethylgallium 
(TMG) , trimethylaluminum (TMA) and trimethylindium (TMI) are 
supplied to a substrate heated to a suitable temperature to 
perform a heat decomposition reaction to thereby grow a desired 
crystal on the substrate. 

Then, while Ti/Ni is used as a mask, the p-type layer 
16, the layer 15 and the n-type layer 14 are partially removed 
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by reactive ion etching to thereby expose a portion of the n-type 
layer 14 on which an n-type electrode pad 19 is to be formed. 

A photo resist is applied on the semiconductor surface 
uniformly. The photo resist in the electrode-forming portion 
5 on the p-type layer 1 6 is removed by photolithography to thereby 
expose the p-type layer 16 in this portion. An Au-Co 
light-transmissible electrode layer 17 is formed on the exposed 
p-type layer 16. 

O Then, a p-type electrode pad 18 and an n-type electrode 

09 10 pad 19 are formed by vapor deposition in the same manner as 

CO 

Ln described above. 

Q 

Fig. 9 shows a light-emitting diode 30 according to a 

En 

third embodiment of the present invention. In Fig. 9, parts 

the same as those in Figs . 5 and 7 are referenced correspondingly 

15 for the purpose of omission of duplicated description. 

In the light-emitting diode 30 according to this 

embodiment, a sedimentary layer 31 of A1N is interposed between 

the sapphire substrate 11 and the undercoat layer 35. 

The specification of each layer is as follows. 

20 Layer Composition: Dopant 

Light- transmissible 
electrode layer 17 

p-type layer 16 p-GaN: Mg 

Layer 15 including 
25 a light emitting layer 

n-type layer 14 n-GaN: Si 

Undercoat layer 35 GaN: Mg 



U 5 

jFt jj 

H 
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Sedimentary layer 31 
Substrate 11 



A1N 

sapphire (surface a) 



The light-emitting diode 30 configured as described above 
is produced as follows. 

First, reactive sputtering using an aluminum target in 
a nitrogen gas import atmosphere is made at a sapphire substrate 
temperature in a range of from 300 to 500°C by an argon gas 
sputtering apparatus. The sapphire substrate having A1N 
deposited thereon in the aforementioned manner is set in an 
MOCVD apparatus. While a hydrogen gas and an ammonia gas are 

circulated, the substrate is heated to 1130°C. 

Layers after formation of the reflection layer 35 are 
formed in the same manner as shown in Fig. 7. 

Although this specification has shown the case where a 
light-emitting device is used as an example, the present 
invention may be applied to various kinds of semiconductor 
devices . Examples of the device which can be used are electronic 
devices including optical devices such as a light -emit ting diode, 
a photodetector , a laser diode, a solar cell, etc.; bipolar 
devices such as a rectifier, a thyristor, a transistor, etc.; 
unipolar devices such as an FET, etc.; and microwave devices. 
The present invention may be applied also to laminates that 
are intermediates of these devices. 

Incidentally, a homo structure, a hetero structure or 



a double hetero structure may be used as the configuration of 
the light-emitting device. A quantum well structure (such as 
a single quantum well structure or a multiple quantum well 
structure) may be used as the structure of the light-emitting 
layer . 

The present invention is not limited to the mode for 
carrying out the invention and the embodiment thereof at all, 
but includes various modifications that can be conceived easily 
by those skilled in the art, without departing from the scope 
of claim. 

Finally, it is confirmed that the following items are 
disclosed in the present specification. 

^ * (1) A method f outproducing a group III nitride compound 
semiconductor device,/ comprising the steps of: 

forming an undercoat layer on a substrate so that the 
undercoat layer has a plurality of slopes in its surface; 

forming a growth suppressing material layer in trough 
regions each formed by adjacent ones of the slopes; and 

growing group III nitride compound semiconductor layers 
on the undercoat layer and on the growth suppressing material 
layer by executing an epitaxial lateral overgrowth method. 

A method for producing a group III nitride compound 
semiconductor device according to the paragraph (1), wherein 
the surface of the undercoat layer has a texture structure. 

A method for producing a group III nitride compound 



semiconductor device according to the paragraph (1), wherein 
the surface of the undercoat layer has a trapezoid shape in 
section . 

A method for producing a group III nitride compound 

5 semiconductor device according to the paragraph (1), wherein 

the surface of the undercoat layer has a pit shape. 

A method for producing a group III nitride compound 

semiconductor device according to the paragraph (1), wherein 

j». the percentage of the area occupied by the slopes in the surface 

m 10 of the undercoat layer is in a range of from 5 to 100 % on a 

rn plane of projection. 

O 

42 A method for producing a group III nitride compound 

5 semiconductor device according to the paragraph (1), wherein 

O 

yt the percentage of the area occupied by the slopes in the surface 

15 of the undercoat layer is in a range of from 30 to 100 % on 
a plane of projection. 

A method for producing a group III nitride compound 
semiconductor device according to the paragraph (1), wherein 
the percentage of the area occupied by the slopes in the surface 
20 of the undercoat layer is in a range of from 70 to 100 % on 

a plane of projection. 
|^ — ^| A method for producing a group III nitride compound 



semiconductor device according to any one of the above paragraphs 
after (1), wherein thoT step of forming the undercoat layer is 
25 performed under the/condition of a temperature in a range of 
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from 1000°C JLo 1200°C. 

A method for producing a group III nitride compound 
semiconductor device according to anyone of the above paragraphs 
after (1), wherein the growth suppressing material layer is 
made of at least one member selected from the group consisting 
of Fe, Co, Ni, Cr, Mo, W, Ag, Rh, oxides of those members, SiO x 
and SiN x . 

A method for producing a group III nitride compound 
semiconductor device according to anyone of the above paragraphs 
after (1) , wherein the undercoat layer is made of a group III 
nitride compound semiconductor. Hereupon, the substrate is 
made of sapphire and the undercoat layer is made of A1N. Further, 
the film thickness of the A1N layer is in a range of from 0.2 
to 3.0 ym. Preferably, the film thickness of the A1N layer 
is in a range of from 0.5 to 1.5 \xm. 

A method for producing a group III nitride compound 
semiconductor device according to anyone of the above paragraphs 
after (1) , further comj^rising the step of forming a sedimentary 
layer before the s'cep of forming the undercoat layer. 

(2) A group III nitride compound semiconductor device 
comprising : 

a substrate; 

an undercoat layer formed on the substrate and having 
a surface of a texture structure; 

a growth suppressing material layer formed on the surface 



of the undercoat layer so that the surface of the undercoat 
layer is partially exposed; and 

group III nitride compound semiconductor layers formed 
on the exposed surface of the undercoat layer and on the 'growth 
5 suppressing material layer. 

(3) A group III nitride compound semiconductor device 
comprising : 

. a substrate; 

q an undercoat layer formed on the substrate and having 

55 10 a surface with a trapezoid shape in section; 

s s 5 

HI a growth suppressing material layer formed on the surface 

of the undercoat layer so that the surface of the undercoat 
layer is partially exposed to the outside; and 

group III nitride compound semiconductor layers formed 



E 



c 



15 on the exposed surface of the undercoat layer and on the growth 

O 

suppressing material layer. 

(4) A group III nitride compound semiconductor device 
comprising : 

a substrate; 

20 an undercoat layer formed on the substrate and having 

a surface with a pit shape; 

a growth suppressing material layer formed on the surface 
of the undercoat layer so that the surface of the undercoat 
layer is partially exposed to the outside; and 
25 group III nitride compound semiconductor layers formed 
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on the exposed surface of the undercoat layer and on the growth 
suppressing material layer. 

A group III nitride compound semiconductor device 
according to any one of the paragraphs (2) through (4), wherein 
the growth suppressing material layer is made of at least one 
member selected from the group consisting of Fe, Co, Ni, Cr, 
Mo, W, Ag, Rh, oxides of those members, SiO x and SiN x . 

A group III nitride compound semiconductor device 
according to any one of the paragraphs (2) through (4) , wherein 
the undercoat layer is made of a group III nitride compound 
semiconductor. Hereupon, the substrate is made of sapphire 
and the undercoat layer is made of A1N. The film thickness 
of the A1N layer is in a range of from 0.2 to 3.0 \im, preferably, 
in a range of from 0.5 to 1.5 ym. 

A group III nitride compound semiconductor device 
according to any one of the paragraphs (2) through (4) and above, 
further comprising a sedimentary layer provided between the 
substrate and the undercoat layer. 

(5) A group III nitride compound semiconductor device 
comprising : 

a substrate; 

an undercoat layer formed on the substrate and having 
a plurality of slopes in a surface of the undercoat layer; 

a growth suppressing material layer formed in trough 
regions each formed by adjacent ones of the slopes; 



group III nitride compound semiconductor layers formed 
on portions of the surface of the undercoat layer, where the 
growth suppressing material layer is not formed, and on the 
growth suppressing material layer. 
5 A group III nitride compound semiconductor device 

according to the paragraph (5), wherein the surface of the 
undercoat layer has a texture structure. 

A group III nitride compound semiconductor device 
Q according to the paragraph (5), wherein the surface of the 

yQ 

fQ 10 undercoat layer has a trapezoid shape in section. 
m 

Ln A group III nitride compound semiconductor device 

Q 

s f a according to the paragraph (5), wherein the surface of the 

En 

undercoat layer has a pit shape. 

A group III nitride compound semiconductor device 
15 according to the paragraph (5) , wherein the percentage of the 
area occupied by the slopes in the surface of the undercoat 
layer is in a range of from 5 to 100 % on a plane of projection. 

A group III nitride compound semiconductor device 
according to the paragraph (5) , wherein the percentage of the 
20 area occupied by the slopes in the surface of the undercoat 
layer is in a range of from 30 to 100 % on a plane of projection. 

A group III nitride compound semiconductor device 
according to the paragraph (5) , wherein the percentage of the 
area occupied by the slopes in the surface of the undercoat 
25 layer is in a range of from 70 to 100 % on a plane of projection. 
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A group III nitride compound semiconductor device 
according to any one of the paragraphs (5) and thereafter, 
wherein the growth suppressing material layer is made of at 
least one member selected from the group consisting of Fe, Co, 
Ni, Cr, Mo, W, Ag, Rh, oxides of those members, SiO x and SiN x . 

A group III nitride compound semiconductor device 
according to any one of the paragraphs (5) and thereafter, 
wherein the undercoat layer is made of a group III nitride 
compound semiconductor. Hereupon, the substrate is made of 
sapphire and the undercoat layer is made of A1N. Further, the 
film thickness of the A1N layer is in a range of from 0.2 to 
3.0 jjm, preferably, in a range of from 0.5 to 1.5 ]jm. 

A group III nitride compound semiconductor device 
according to any one of the paragraphs (5) and thereafter, 
further comprising a sedimentary layer provided between the 
substrate and the undercoat layer. 

method for producing a laminate, comprising the 




forming an undercoat layer on a substrate so that the 
20 undercoat layer has a surface of a texture structure; 

forming a growth suppressing material layer on the 
undercoat layer so that the undercoat layer is partially exposed; 
and 

growing group III nitride compound semiconductor layers 
25 on the undercoat layer and on the growth suppressing material 
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layer by executing an epitaxial lateral overgrowth method. 

\1) ^^^inethod for producing a laminate, comprising the 
steps of: 

forming an undercoat layer on a substrate so that the 
undercoat layer has a surface with a trapezoid shape in section; 

forming a growth suppressing material layer on the 
undercoat layer so that the undercoat layer is partially exposed 
to the outside; and 

growing group III nitride compound semiconductor layers 
on the undercoat layer and on the growth suppressing material 
layer by executing an epitaxial lateral overgrowth method. 

( 8 ) Ajvelfhod for producing a laminate , comprising the steps 

of: 

forming an undercoat layer on a substrate so that the 
undercoat layer has a surface with a pit shape; 

forming a growth suppressing material layer on the 
undercoat layer so that the undercoat layer is partially exposed; 
and 

growing group III nitride compound semiconductor layers 
on the undercoat layer and on the growth suppressing material 
layer by executing an epitaxial lateral overgrowth method. 

A method for producicfg a laminate according to any one 




of the paragraphs (6) through (8) , wherein the step of forming 
the undercoat layer is/ performed under the condition of a 
temperature in a rar^ge of from 1000°C to 1200°C. 



A method for producing a laminate according to any one 
of the paragraphs (6) through (8) and just above, wherein the 
growth suppressing material layer is made of at least one member 
selected from the group consisting of Fe, Co, Ni, Cr, Mo, W, 
5 Ag, Rh, oxides of those members, SiO x and SiN x . 

A method for producing a laminate according to any one 
of the paragraphs (6) and thereafter, wherein the undercoat 
layer is made of a group III nitride compound semiconductor. 
□ Hereupon, the substrate is made of sapphire and the undercoat 

03 10 layer is made of A1N. Further, the film thickness of the A1N 

m: 
■ er a- 

j£j layer is in a range of from 0.2 to 3.0 jam, preferably, in a 

J; . range of from 0.5 to 1.5 jam . 

^Mrt' method for producing a laminate according to any one 

«! of the paragraphs (6L/and thereafter, further comprising the 

i y 

s - 

q 15 step of forming a sedimentary layer before the step of forming 

5 : / 

the undercoat ^ayer 



(^^jj^i ^ A^jft^thod for producing a laminate, comprising the 



steps a; 

forming an undercoat layer on a substrate so that the 
20 undercoat layer has a plurality of slopes in its surface; 

forming a growth suppressing material layer in trough 
regions each formed by adjacent ones of the slopes; and 

growing group III nitride compound semiconductor layers 
on the undercoat layer and on the growth suppressing material 
25 layer by executing an epitaxial lateral overgrowth method. 
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A method for producing a laminate according to the 
paragraph (9) , wherein the surface of the undercoat layer has 
a texture structure . 

A method for producing a laminate according to the 
5 paragraph (9) , wherein the surface of the undercoat layer has 
a trapezoid shape in section. 

A method for producing a laminate according to the 
paragraph (9) , wherein the surface of the undercoat layer has 
Q a pit shape. 

65 10 A method for producing a laminate according to the 

05 

~* paragraph (9) , wherein the percentage of the area occupied by 

3: the slopes m the surface of the undercoat layer is in a range 

01 

JL of from 5 to 100 % on a plane of projection. 

m 

A method for producing a laminate according to the 
q 15 . paragraph (9) , wherein the percentage of the area occupied by 
the slopes in the surface of the undercoat layer is in a range 
of from 30 to 100 % on a plane of projection. 

A method for producing a laminate according to the 
paragraph (9) , wherein the percentage of the area occupied by 
20 the slopes in the surface of the undercoat layer is in a range 
of from 70 to 100 % on a plane of projection, 
n f ^ method for produci/ig a laminate according to any one 
t l/v of the paragraphs (9) and thereafter , wherein the step of forming 
the undercoat layer iss performed under the condition of a 
25 temperature in a ra/qe of from 1000°C to 1200°C. 
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A method for producing a laminate according to any one 
of the paragraphs (9) and thereafter , wherein the growth 
suppressing material layer is made of at least one member 
selected from the group consisting of Fe, Co, Ni, Cr, Mo, W, 
Ag, Rh, oxides of those members, SiO x and SiN x . 

A method for producing a laminate according to any one 
of the paragraphs (9) and thereafter, wherein the undercoat 
layer is made of a group III nitride compound semiconductor. 
Hereupon, the substrate is made of sapphire and the undercoat 
layer is made of A1N. Further, the film thickness of the A1N 
layer is in a range of from 0.2 to 3.0 ym, preferably, in a 
range of from 0.5 to 1.5 jjm. 

A method for producing a laminate according to any one 
of the paragraphs ( 9 j/and thereafter, further comprising the 
step of forming a sedimentary layer before the step of forming 
the undercoat J^ayer . 

(10) A laminate comprising: 
a substrate; 

an undercoat layer formed on the substrate and having 
a surface of a texture structure; 

a growth suppressing material layer formed on the 
undercoat layer so that the surface of the undercoat layer is 
partially exposed; and 

group III nitride compound semiconductor layers formed 
on the exposed surface of the undercoat layer and on the growth 



suppressing material layer. 

(11) A laminate comprising: 
a substrate; 

an undercoat layer formed on the substrate and having 
5 a surface with a trapezoid shape in section; 

a growth suppressing material layer formed on the surface 
of the undercoat layer so that the surface of the undercoat 
layer is partially exposed; and 

group III nitride compound semiconductor layers formed 

frt 10 on the exposed surface of the undercoat layer and on the growth 

fn 

Ln suppressing material layer. 

JG (12) A laminate comprising: 

y s 

■2 a substrate; 

ri 

ts=sr 

01 an undercoat layer formed on the substrate and having 

RJ 

His a surface with a pit shape; 
Q 

^ a growth suppressing material layer formed on the surface 

of the undercoat layer so that the surface of the undercoat 
layer is partially exposed; and 

group III nitride compound semiconductor layers formed 
20 on the exposed surface of the undercoat layer and on the growth 
suppressing material layer. 

A laminate according to any one of the paragraphs (10) 
through (12), wherein the growth suppressing material layer 
is made of at least one member selected from the group consisting 
25 of Fe, Co, Ni, Cr, Mo, W, Ag, Rh, oxides of those members, SiO x 
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and SiN x . 

A laminate according to any one of the paragraphs (10) 
and thereafter, wherein the undercoat layer is made of a group 
III nitride compound semiconductor. Hereupon, the substrate 
5 is made of sapphire and the undercoat layer is made of A1N . 
Further, the film thickness of the A1N layer is in a range of 
from 0.2 to 3.0 ym, preferably, in a range of from 0.5 to 1.5 

Pj A laminate according to any one of the paragraphs' (10) 

3 .8 , 5 

f0 10 and thereafter , further comprising a sedimentary layer provided 
GO 

yl between the substrate and the undercoat layer. 

O 

=P (13) A laminate comprising: 

; ; e 

a substrate; 

an undercoat layer formed on the substrate and having 
g 15 a plurality of slopes in a surface of the undercoat layer; 
^ a growth suppressing material layer formed in trough 

regions each formed by adjacent ones of the slopes; 

group III nitride compound semiconductor layers formed 
on portions of the surface of the undercoat layer, where the 
20 growth suppressing material layer is not formed, and on the 
growth suppressing material layer. 

A laminate according to the paragraph (13), wherein the 
surface of the undercoat layer has a texture structure. 

A laminate according to the paragraph (13) , wherein the 
25 surface of the undercoat layer has a trapezoid shape in section . 
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A laminate according to the paragraph (13) , wherein the 
surface of the undercoat layer has a pit shape. 

A laminate according to the paragraph (13) , wherein the 
percentage of the area occupied by the slopes in the surface 
5 of the undercoat layer is in a range of from 5 to 100 % on a 
plane of projection. 

A laminate according to the paragraph (13) , wherein the 
percentage of the area occupied by the slopes in the surface 
f=% of the undercoat layer is in a range of from 30 to 100 % on 

fQ 10 a plane of projection. 

05 

\j\ A laminate according to the paragraph (13) , wherein the 

O 

«=£ percentage of the area occupied by the slopes in the surface 

EP 

s of the undercoat layer is in a range of from 70 to 100 % on 

01 a plane of projection.. 

H'lS A laminate according to any one of the paragraphs (13) 

O 

^ and thereafter, wherein the growth suppressing material layer 

is made of at least one member selected from the group consisting 
of Fe, Co, Ni, Cr, Mo, W, Ag, Rh, oxides of those members, SiO x 
and SiNv. 

20 A laminate according to any one of the paragraphs (13) 

and thereafter, wherein the undercoat layer is made of a group 
III nitride compound semiconductor. Hereupon, the substrate 
is made of sapphire and the undercoat layer is made of A1N. 
Further, the film thickness of the A1N layer is in a range of 

25 from 0.2 to 3.0 urn, preferably, in a range of from 0.5 to 1.5 
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Vim. 

A laminate according to any one of the paragraphs (13) 
and thereafter, further comprising a sedimentary layer provided 
between the substrate and the undercoat layer. 
5 (14) A group III nitride compound semiconductor device 

comprising a substrate, an undercoat layer formed on the 
substrate and having a surface of a texture structure, and group 
III nitride compound semiconductor layers which have a device 
.» function and which are formed on the undercoat layer by executing 

10 an epitaxial lateral overgrowth method. 
Ujj (15) A group III nitride compound semiconductor device 

Jp comprising a substrate, an undercoat layer formed on the 

m 

s substrate andhaving a surface with a trapezoid shape in section, 

Q 

01 and group III nitride compound semiconductor layers which have 

ru 

M 1 15 a device function and which are formed on the undercoat layer 
O 

^ by executing an epitaxial lateral overgrowth method. 

(16) A group III nitride compound semiconductor device 
comprising a substrate, an undercoat layer formed on the 
substrate and having a surface with a pit shape, and group III 
20 nitride compound semiconductor layers which have a device 
function and which are formed on the undercoat layer by executing 
an epitaxial lateral overgrowth method. 

A group III nitride compound semiconductor device 
according to any one of the paragraphs ( 14 ) through (16), wherein 
25 the undercoat layer is formed under the condition of a 
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temperature in a range of from 1000°C to 1200°C. 

A group III nitride compound semiconductor device 
according to any one of the paragraphs (14) and thereafter, 
wherein the undercoat layer is made of a group III nitride 
compound semiconductor. Hereupon, the substrate is made of 
sapphire and the undercoat layer is made of A1N. Further, the 
film thickness of the A1N layer is in a range of from 0.2 to 
3.0 \im, preferably, in a range of from 0.5 to 1.5 \im. 

( 17 ) Amethod for mroducing a group III nitride compound 



a* 

semiconductor device, Comprising the steps of: 

forming an undercoat layer on a substrate so that the 
undercoat layer has a surface with convex portions each shaped 
like a truncated hexagonal pyramid; and 

forming group III nitride compound semiconductor layers 
on the undercoat layer so that the group III nitride compound 
semiconductor layers have a device function. 

A method for producing a group III nitride compound 
semiconductor device according to the paragraph (17) , wherein 
the undercoat layer is made of GaN doped with magnesium. 

A method for producing a group III nitride compound 
semiconductor device according to the just above paragraph, 
wherein the magnesium concentration of the undercoat layer is 
not lower than 10 20 /cm 3 . 

A method for producing a group III nitride compound 
semiconductor device according to the paragraphs (17) and 



thereafter, wherein the undercoat layer is doped with an n-type 

dopant and is of an n type as a whole. 

A method for producing a group III nitride compound 

semiconductor device according to any one of the paragraphs ( 17 ) 

and thereafter, wherein the substrate is made of sapphire, SiC 

or silicon single crystal. 

A method for producing a group III nitride compound 

semiconductor device according to any one of the paragraphs 

(17) and thereafter, further comprising a sedimentary layer 

£B 10 interposed between the undercoat layer and the substrate. 

m A method for producing a group III nitride compound 

Q 

4= semiconductor device according to any one of the paragraphs 

(17) and thereafter, wherein the group III nitride compound 
semiconductor layers have a function of a light-emitting device 
15 or of a photodetetor as a whole. 

A method for producing a group III nitride compound 
semiconductor device according to any one of the paragraphs 
(17) and thereafter, wherein the undercoat layer and the group 
III nitride compound semiconductor layers are formed by the 
20 MOCVD method under the substantially same pressure condition. 
(18) A laminate comprising: 
a substrate ; 

an undercoat layer formed on the substrate and having 
a surface with convex portions each shaped like a truncated 
25 hexagonal pyramid; and 
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group III nitride compound semiconductor layers formed 
successively on the undercoat layer. 

A laminate according to the just above paragraph, wherein 
the undercoat layer is made of GaN doped with magnesium. 

A laminate according to the just above paragraph, wherein 
the magnesium concentration of the undercoat layer is not lower 
than 10 20 /cm 3 . 

A laminate according to the paragraphs (18) and thereafter , 
wherein the undercoat layer is doped with an n-type dopant and 



10 is of an n type as a whole. 
HI A laminate according to any one of the paragraphs (18) 

4S and thereafter, wherein the substrate is made of sapphire, SiC, 

m 

~ or silicon single crystal. 

2? A laminate according to any one of the paragraphs (18) 

i s i 

: ■£=• 
s | 

15 and thereafter, further comprising a sedimentary layer 

interposed between the undercoat layer and the substrate. 

A laminate according to any one of the paragraphs (18) 
and thereafter, wherein the group III nitride compound 
semiconductor layers have a function of a light-emitting device 
20 or of a photodetector as a whole. 

(19) A method for producing a laminate, comprising the 
steps of: 

forming an undercoat layer on a substrate so that the 
undercoat layer has a surface with convex portions each shaped 
25 like a truncated hexagonal pyramid; and 
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forming group III nitride compound semiconductor layers 

on the undercoat layer. 

A method for producing a laminate according to the just 

above paragraph, wherein the undercoat layer is made of GaN 

5 doped with magnesium. 

A method for producing a laminate according to the just 

above paragraph, wherein the magnesium concentration of the 

undercoat layer is not lower than 10 20 /cm 3 . 

q A method for producing a laminate according to the 

a 10 paragraphs (19) and thereafter, wherein the undercoat layer 

yl is doped with an n-type dopant and is of an n type as a whole. 
«™ 

42 A method for producing a laminate according to any one 

s of the paragraphs (19) and thereafter, wherein the substrate 

s 

U» is made of sapphire, SiC, or silicon single crystal. 

m 

^15 A method for producing a laminate according to any one 

^ of the paragraphs (19) and thereafter, further comprising a 

sedimentary layer interposed between the undercoat layer and 
the substrate. 

A method for producing a laminate according to any one 
20 of the paragraphs (19) and thereafter, wherein the group III 
nitride compound semiconductor layers have a function of a 
light-emitting device or of a photodetector as a whole. 

(20) A group III nitride compound semiconductor device 
comprising: a substrate; a set of group III nitride compound 
25 semiconductor layers having a device function; and an undercoat 
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layer disposed between the substrate and the set of group III 
nitride compound semiconductor layers , wherein the undercoat 
layer is grown so that the undercoat layer has a surface with 
convex portions each shaped like a truncated hexagonal pyramid. 

A group III nitride compound semiconductor device 
according to the just above paragraph, wherein the undercoat 
layer is made of GaN doped with magnesium. 

A group III nitride compound semiconductor device 
according to the just above paragraph, wherein the magnesium 
concentration of the undercoat layer is not lower than 10 20 /cm 3 . 

A group III nitride compound semiconductor device 
according to the paragraph (20) and thereafter, wherein the 
undercoat layer is doped with an n-type dopant and is of an 
n type as a whole . 

A group III nitride compound semiconductor device 
according to any one of the paragraphs (20) and thereafter, 
wherein the substrate is made of sapphire, SiC, or silicon single 
crystal . 

A group III nitride compound semiconductor device 
according to any one of the paragraphs (20) and thereafter, 
further comprising a sedimentary layer interposed between the 
undercoat layer and the substrate. 

A group III nitride compound semiconductor device 
according to any one of the paragraphs (20) and thereafter, 
wherein the group III nitride compound semiconductor layers 
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have a function of a light-emitting device or of a photodetector 
as a whole. 
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